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Dielectric Ceramic Composition with High

Dielectric Constant and Flat TC Characteristics

BACKGROUND OF THE INVENTION

This invention relates to ceramic dielectric
compositions, preferably such compositions have high dielectric
constants (K), e.g., between about 3000 and about ~4700; low
dissipation factors (DF), e.g., below about 2.5%; high insulation
resistance (R) capacitance (C) products (RC), e.g. above about
5,000 ohm-farad at 25°E,.aboue about 1000 ohm-farad at 125°C; and
stable temperature coefficient (TC) in which the dielectric

constant does not alter from its base value at 25°C by more than

“about 15 percent over a temperature range from -55°C to 125°C..

Multilayer ceramic capacitors (HLCs) are commonly
made by casting or otherwise forming insulating layers of
dielectric ceramic powder; placing thereupon conducting metal
electrode layers, usually a palladium/silver alloy in the form
of metallic paste;_stacking the resulting elements to form the
multilayer capacitor; and firing to densify the material thus
forming & multilayer ceramic capacitor. Other processes for
forming MLCs are described in U.S. Patents Nos. 3,697,950 and
3,879,645 the texts of which are incorporated herein by

W

reférence.

‘Barium titanate (BaTiDB) is one of the major
componen£$ most frequently used in the formation of the
ceramic dielectric layers because of its high dielectric
constant. However, the variation of the dielectric constant
with temperature and the insulation resistance are also
important factors to be considered in preparing ceramic
compositions for use in multilayer capacitors. The electrical
properties of many dielectric ceramic compositions may vary

substantially as the temperature increases or decreases,

Other factors also affect the electrical properties of ceranic
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compositions, e.g., insulation resistance may vary
substaAtially baied on grain sizes after final siﬁtering.

In a desirable dielectric ceramic composition for
use in a multilayer capacitor for applications requiring
stability 4in the dielectric constant over a wide temperature
range, the dielectiric constant does not change from its base
value at 25°C (room temperature) by more than about plus or
minus 15 percent.' The insulation resistance and capacitance
product of such compositions shouild be more than 1000 ohm-
farads at 25°C and more than 100 ohm-farads at maximum working
temperature, 125°C in qost cases. The method commonly used to
produce such temperature stable capacitors consists of firing
BaTiO3 together with minor oxide additives for controlling the
final dielectric properties. However, the dielectric ceramic
coxpositions known In the art for making multilayer éapacitors
having stable TC characteristices usually have dielectric

constant=s of not more than azbout 3000.

According to oﬁé aspect tﬁé_present

invention is directed to a dielectrie éomposition
having 2 high dielectric constant and stable TC
characteristies comprising a major component comprising high
purity barium titanate (BaTiO3), and two minor components

comprising niobium pentoxide (NbZUS), and cobalt oxide (CoD).

J

The barium titanate employed in this invention has purity

exceeding about 99% with no individuzl impurity element

greater than about 0.5%. Such high purity barium titanate can‘

be produced via chemical coprecipitation processes and other
techniques known in the art, e.g, by reacting high purity

BaCO3 and Tioz powders. The stoichiometry aznd the physical

sizes of the barium titanate particles are controlled as
hereinafter described to produce the desirable dielectiric
properties of the ceramic compositions of this invention. The
preferred stoichiometric ratio for the barium titanate is R
BaD/TiDZ of about 0.950 to 0.995 and the preferred average |
particle size is about 0.90 pe to 1.30 pe-

———

et st 4 14
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Dther aspects of the invention are set forth in the

claims. . ,
More specifically, in forming the dielectric ceramic

composition of the invention, the major component YBaT103)
corprises from about 97.70 to ebout $B.99 percent by weight
and the minor components cowmprise from about 0.85 to about
1.69 percent by weight of Hbzo5 and from about 0.09 to about
1.20 percent by weight of Co0O, with the Hbzo5 to CoD weight
ratio from about 3.30 to about 18.00.

The ceramic conpositions of Fhis invention when
formed into multilayer capacitors by éonvéntional methods have
dielectric constants whiéh are typically between about 3000
and 4700 at 1KHz, 1VRMS, dissipation factors which are
typically below about 3 percent at 1VRMS, and insulation
resistance - capacitance products which ;re.typically greate§
than about 5,000 ohm-farad at 25°C, 50 VDC/mil, greater than.
1000 ohm-farad at 125°C, and stable TC characteristics in
which the dielectric constant varies no more than about plus
or minus 15 percent from its reference value ai 25°C.

In an especially preferred embodiment, the ceramic
dielectric composition is formed from a mixture of 98.82
weight percent of high purity BaTiOs, 0.98 weight percent of

szos and 0.20 weight percent of Co0, with the NbZO5 to CoD

)

weight ratio being %.90.

Because of their high dielectric coﬂétants, low
dissipation factors, and stable TC characteristies, the
ceramic compositions of this invention provide advantages in
manufacturing multilayer ceramic capacitors, hereinafter
called MLC's, such as high capacitance and small physieal
size., These advantages are very important for the capacitor
panufacturing companies to meet the ever increasing demands of

technology advance and cost reduction.
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As hereinafter described in detail, the present
invention provides a ceramic composition having a dielectric
constant between sbout 3000 and 4700 at 25°E; a dissipation
factor less than about 3%, and a stable temperature coefficient
in which the dielectric constant does not vary more than about
plus or minus 15 percent from its reference value at 25°C. The
present inuention.also provides a ceramic composition suitable
for manufacturing multilayer ceramic capacitors using precious

metal internal electrodes and having the above properties as well

as an insulation resistance - capacitance product of more than
about 5000 ohm-farad at 25°C and more than about 1000 ohm-farad
at 125°C.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As set forth Seiow, the dielectric ceramic -
compositions of the present invention have several advaniages
which result in substantial technological advancement and cost
savings without sacrificing desirable physical and electrical
properties.

The present invention provides a novel dielectric

ceramic composition having a dielectric constant between 3000

W

S —.
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and 4700, mnd with stable TC characteristics which can be
prepared by firing the component oxides or precursbys tﬁereof
at a temperature between 12B0°C and 1350°C. This composition
differs substantially from those disclosed in the prior art in
which desirable dielectiric properties, such as a higher
dielectric constant, are sacrificed in order to obtain |
materials which have stable TC éﬁaracteristics. Since
conven?ional materials have dielectric constants not more than
about 3000, the use of the ceramic compositions of this
invention in multilayer capacitors provides smaller devices
with significantly'higher capacitance values under the same
physical size restriction, due to their muech higher dielectric
constants. Also because of their much higher dielectric
constants, the use of the ceramic compééiti;ns of this
invention in multilayer capacitors'provides the smallest
possible physical size under the same capacitance restriction.
Also because of their much higher dielectiric constants, the
use of the ceramic compositions of this invention in
multilayer capacitors results in significantly less ceramic
and electrode material usage. With the ever lnecreasing cost
of precious metals, especizally palladium, the manufacturing
cost of MLC's can be significantly reduced with the present
invention. =
A fired ceramic body of the present invention is-
produced by reacting during the course of>firing the

constituent dielectric oxides of the ceramic preparation,

'including barium titanates, niobium pentoxide and cobalt

oxide.
The preferred niobium pentoxide for usmse in this

invention is about 99% pure and has a particle size of about
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0.5 to D.Q‘Pm and the preferred cobalt oxide is about 70-74%
pure and has a particle size of leas than aboui i‘pm.

In preparing the ceramic preparation used in this
1nvéntion, barium titanate, niobium pentoxide, and cobalt
oxide in the proportions set forth above may be slurried
together in water, or physically blended together. The
mixture of the ceranmic preparatién may be mixed with a binder
composition and cast into = sﬁeet using standard methods, and
formed into a multilayer capacitor structure with internal
electrodes such as 70 percent palladium/30 percent silver, and
fired at about 12B80°C to 1350°C for about two hours.

Any conventional ceramic binder compositions may be
used with this invention which is compatible with the other
materizls used and simply provides a vehicle for dispersing
the ceramic particles and holding them together when the
solvent is removed. Suitable binder compo=itions are
described in "Ceramic Process Before Firing," G.Y. Onoda Jr.,
et al. John Wiley & Sons (1978) Chap. 19. Corn Syrup and
Polyvinyl alcohol are examples of suitable binder
compositions.

The fired dielectric composition of this invention
has an insulation resistance-capacitance produect (RC) greater
than 5,000 ohm-farads at 25°C and 50 VDC/mil, and greater than
1000 ohm-farads at 125°C and 50 VYDC/mil. The dielectric
constant is typically between about 3000 to 4700 at 1 KHz and
1 volt rms, and the dissipation factor is typically less than
3.0 percent &t 1 KHz and 1 volt rms.

The invention will be further illustrated by the

~ following examples, but the invention is not intended to be

limited thereto. The values given for the examples herein are

e e am e ————n



O W OO -1 O N kX ow N e

wr\;NNNNNNNNN.—A-A—A-A-A.A.-...‘.a
QO W M =1 o WU oW N e O W OO0 - ot N

. 0200573

subject to variations baseé on factors known in the art. For
example, with respect to Examples 1-35 herein, the dielectric
constant may be significantly increased and the dissipation
factor may be significantly decreased by pulverizing, milling,
uniformly dispersing, or otherwise reduecing the starting
materials to very fine particles., Such practices, which are
commonly carried out in the course of.manufacturing ceramic
capacitors, were not employed to their full extent. in the
preparation of Examples 1-35. 1In addition, varlations in
firing conditions, sample thickness and preparation, and
measurement error may result in differences in the observed
values for the same conmposition. Thus, depending upon
manufacturing techniques, and with little rggard to particle
slze, the properties of cerémic compositions made using the
proportions given in Examples 1-35 can vary from values given:
for example the dielectric constants may vary by +100, the
dissipation factor may vary by +0.2 perqent, and the
capacitance change with tempéréture versus capacitance at 25°C
may vary by +1.5 percent.

- Detalls of preferred embodiments of the present
invention are further described in the following examples.

Examples 1-11

-~

30 to 50 grams of ceramic compositions were prepared
by adding high purity barium titanate (BaTiDBJ. technical
grade fine particle size niobium pentoxide (szos), and
technical grade fine particle size cobalt oxide {CoD)
according to the weight percent as shown 4in Table 1. The
barium titanate employed in the above examples has BaD/TiO2
stoichiometry of 0.986 and average particle size of 1.%pm.

The ceramic powders were further blended with 15 to 25 cc of
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distilled water and mixed thoroughly in a high speed.Spex‘
model 800-2 paint mixer manufactured by Spex Industries Ine.,
Ne# Jersey for about 0 minutes. The wet slurry was then
dried into a cake and ground with mortar and pestle. 2.4 to

4 .0cec of 2 binder solution including 26 weight percent water,
26 weight percent propylene glycol and 48 weight percent c¢orn
syrup was mixed into the ceramic powder in a mortar and pestle
which was then granulated through a Y40 mesh nylon screen.
Discs of the result%nt mixture having a diameter of 1.27 cm
and a thickness of 0.1 to 0.15 cm were pressed at a pressure

of about 38,000 1bs per square inch in a2 stainless steel die.

? The dises were placed on & stabilized zirconia setter and

_ fired at temperatures of 1280°C to 1340°C for 1 to 2 hrs.

After cooling, silver electrodes were painted on the discs
which ﬁere then fired at 815°C to sinter on the electrodes.
The capacitance (C), the dissipation factor (DF}, and the‘
capacitance change with temperature versus capacitance at 25°C
(TC) were then méasured with a model ESI2110A capacitance
bridge at 1KHz measurement frequency, from -55°C to +125°C at .

-

(E) was then calculated from the fundamental capacitance

equation:
-3
K= 5.66x C5,
D
where K = dielectriec constant of the sample
t = thickness of the disc in inches
D = diameter of the disc in inches
C = capacitance of the disc in pico farads

o et e+
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Table 1

Weight (%) Ratio  Weight (%)

Example BaTi0g Nb,0g  CoDd Nb,05/Co0 Hb205+CoO
1 98.99 0.84 0.17 4.94 1.01
2 98.82 0.98 0.20 4.90 1.18
3 98.73 1.05 0.22 4,77 1.27
y 98.65  1.12 " 0.23 4.87 1.35
5 9B.48 1.26 0.26 4.85 . 1.52
6 98.31 1.%0 0.29 4.83 1.69
7 98.14 1.54 0.32 4.81 1.86
B 98.31  1.30 0.39 3.33 1.69
9 98.31 1.50 1.19 . 7.89 1.69
10 98.31 1.60 0.09 - 17.78 1.69
11 98.31 1.69 - 0.00 >>>> 1.69

The dieleciric properties of Examples 1-11 as
summarized in Table II demonstrate that, when Kb,05 and CoO
are added uniformly into the BaTiO3 host material, ceramic

compositions with dielectric constants greater than 3000 and

~ with stable TC characteristies, such as Examples 2 to 10 are

obtained. As will be demonstrated in later examples, both the.

dielectric constants and IC characteristies will be further

improved when these ceramic compositions are cofired with

silver/palladium intgrnal electrodes in a MLC construction. *
The dielectric datz in Table II also shows that when

the total szos and Co0 welght percent is less than about

1 wt.%, such as in Exanple 1, the céramic composition has too

negative a TC change at low temperatures and much higher DF

*although X is very high. When the Nb205 to Co0 weight ratio

‘43 higher than 18.0, such as Example 11, TC becomes unstable

and DF is high, although K is very high =again.
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10 .
Table II )
1KHz, 1VRMS TC (%) at
Example K DF(%) -55°C -30°C 85°C i125°C
£ 1 ys00 1.30 -27.1 -20.9 -7.3 +1.0
2 4030 0.93 -12.3 -7.5 -6.1 +6.6
3 3870 0.95 -B.2 -3.5 -5.1 +B.5
Y 3765 0.85 -2.2 -0.5 -3.4 +11.1
5 3400 0.78 0.2 ., -1.% -D.8 +14.6
6 3200 0.70 . -2.6 -3.1 +0.8 +15.3
7 3025 0.75 -4.0 -5.0 +1.3  +16.2
8 403y 1.20 -22.5 -16.4 -13.7 -16.0
g 3377 1.20 -5.5 -4.0 -1.9 +9.4
10 3905 1.10 ~ -23.2 -12.9 - -11.0  -11.5
11 5895 §.3 -40.8 -27.9- -9.3 -16.0

Examples which are outside the scope of this
invention, such as 1 and 11, will be labeled with ©"¥n
hereafter.

Examples 12-18

30 to 50 grams of ceramic compositions were prepared.

by adding high purity barium titanate, technical grade fine

particle size niobium pentoxide, and technical grade fine
: <

particle size cobalt oxide, according to the weight

{ percentaées as shown in Table III, Fine particle size, high

" to adjust the BaD/Tio0

H!

purity titanium dioxide (Tioz), or barium oxide (added as
barium carbonate (Baco3) were also added into the composition

2 stoichiometry. Ceramic disc samples

! were prepared, sintered, and dielectiric properties measured

with the same technique as descrilbed in Examples 1 to 11. The

dielectric data as shown in Table IV demonstrate that when the
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BaO/TiO2 stoichiometric ratio is greater than 0.993 such as in
Examples 17 and 18, the resulting ceramics have low dielectric
constants and very high dissibation factors and therefore are

not suitable for MLC applications. Although not shown in the

.~ data provided in Table I1I, when the BaD/TiO2 ratio 1s less

than 0.958 as in Example 15 the TC at -55°C tends to become

‘much more negative, Past experience has also indicated that

ceramic compositions with too large an excess Tioz-have a
tendency to develop nonuniform microstructures and poor

reliability.

TABLE 11X

Example BaTiO3 szos Co0 Ba0  Ti0, Ba0/Ti0,

12 = 9B.73 1.06 0.21 0 ) 0.986
13 98:53 1.05 0.21 o 0.21 0.981
14 -g8.24 1.05 0.22 0 0.49 0.972
15 97.75 1.04 0.21 0 1.00 0.958
16 98.52 1.05 0.22 0.21 © 0.989
s 97 98.24 1.05 0.22 0.49 0 0.993
# 18 97.77 1.04 0.21  0.97 © 1.001

v
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TABLE IV
[7C (5) at] °
Example X DF(%) -55°C -30°C B5°C  125°C
12 3700 0.90 -4.3 1,7 -3.6 +12.4
13 3800 0.97 -9.5 -3.5 -6.5 6.9
14 3870 0.96 =~12.5  -5.7 -7.3  +4.2
15 4010 0.93 -13.8 7.1 <-B.3 2.2
16 3680  0.90 8.6  -1.7 -3.2 .+13.3
s 17 3590 1.50 -B.2  -4.3 5.8  49.2
= 18 3250 2.90 -14.6 ~18.5 -12.6  43.6

Example 18-21

500 grams of high purity BaCD3 and 202 grams of high
purity T102 are thoroughly mixed and disﬁersed in about 175cec
ol deionized water until a uniformly dispersed slurry is

obtained. Up to ¥ weight percént "DARVAN C"1/ may be added

" into the slurry to help to disperse the powder pariticles, The

sJurry is then discharged into a drying pan and dried in an
oven at about 150°C with forced air circulation. The dried

cake 1s then pulverized, loaded into a ceramic sagger, and

; calecined at temperature from about 1900°F to about 2200°F for

about 1 hour to 5 hours. X-ray diffraction and BaD alkalinity

® nar— -y

— . ..

tests on the examples indicated complete reaction and
fofmation of-high purity BaTiO3. The caléined powder was tHen
vibratory energy milled with ZrD2 media until the average
particle =ize was reduced to less than 1.2 fm. It will be
obvious to those skilled in the art that particle size
reduction can also be achieved by alternative methods, e.g.,

ball milling, and that the milling media can be any compatlible

1 DARVAN C is a alkall ion free aqueous dispersing agent
comprising & mixture of polyelectrolytes, ammonla and
sulfur available from W.P. Vanderbilt Co., Conn.

[V P
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wear resistant material such as ZrDZ, zircon, 2lumina, or the

like,

Another alternative method for reducing pariicle size

. 1s jet milling with conpressed air without media. Whatever

;i
I

process might be selected, the critical requirement is that it

does not contaminate the ceramic powder, e.g., with

significant media wear,

30 to 50 grams of ceramic

compositions according to the weight percents as shown in

Table V are prepared and their dielectric properties measured

with the same technique as described in Examples 1 to 11. The

dielectric data as shown in Table VI demonstrates that the

.. high purity Ba'r:lo3 prepared in accordance with the present

invention provides ceramic compositions with high dielectric

constants and stable TC characteristics.

The dielectric

performance of these examples 1s similar to those as

demonstrated in Examples 2 to 10.

Exaﬁﬁle
19
20
21

Example
19
20
21

Weight (%)
98.65 1.12
9B.60 1.14
98.53 1.19

K DF(Y)
3520 0.94
3700 1.18
3500 1.09

TABLE V

CoD

0.23
0.26
0.27

-55°C
-1.3
-20.2

Ratio

Nb,05/Co0
4.87

y.38
.41

TABLE VI

TC(%)
-30°C
-1.5

-13.9
~9.2

at

85‘0

-3.6
-13.0
-11.%4

Weight(%)

NbZO +C?0

5
1.35
1.40

1.46

125°C
+13.4
"2.9

+1.1
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Examples 22-29

Batches of about 4.5 kilograms or about 270
kilograms of ceranic compositions were prepared for Examples
22-29 by blending &nd mixing high purity barium titénate,

technical grade fine particle size cobalt oxide and niobium

i
pentoxide in twin shell blenders, manufactured by Patterson - !

Kelley Co., E. Stroudsburg, PA, according to the EOmpositions
shown in Table VII. . -

TABLE VII
Veight (%)
Example éarios Nb,0; CoO Nb,0.+Co0 Electrode Material

22 98.31 1.40 0.29 1.69 -~  70Pd/30Ag

23 98.61  1.15 0.24  1.39 - 70Pa/30Ag

24 g8.B2  0.98 0.20 1.18 70Pd/30Ag

25 gB8.72 1.06 0.22 1.28 70Pd/304g |
26 98.72 - 1.06 0.22 1.28 100P4 :
27 98.72 1.06 ©0.22 1.28 5OAu/HOPEL/20Pd
28 98.72 1.06 0.22 1.28 100Pt .

29 98.72 1.06 ©.22 1.28 No electrodes

400 grams of the above uniformly blended ceramice

-

compositions was then charged into & ball mill with 1/2 inch
alumina media together with 218 gréms of a binder solution

made by uniformly mixing and dissolving 186 grams

. dioctylphthalate, 90 grams Nuostabe V-144%,2/ 597 ml ethanol,

270 ml toluene, and 372 grams Butvar B-763/ vinyl resin.

-2 Nuostabe V-1444 is an alkall ion free organic solvent

dispersing agent availlable from Nuodex Co. Inec., Hew
Jersey.
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Other conmpatible binders may be used such as those binders
described in "Ceramic Processes Before Firing" 1d.

This slurry was milled for 16 hours, discharged, and
filtered through a Hﬁ picron screen. This slurry, having =2
viscosity of about 1500 to 3000 centipoise, was then de-aired
and cast, in accordance with standard techniques, into a tape
with a thickness pr 1.5 mils. The tape was converted into

pultilayer ceramic capacitors having 70 percent Palladium/30

_ percent silver; 100 percent Palladium; 40 percent gold/iD

percent platinum/20 percent palladium; or 100 percent platinum
electrodes via conventional processes well known in the
industry. "Samples with no electrodes at all were also
prepared for purposes of comparison. Th; capacitors were
preheated to 260°C for 48 hours, placéd on ;tabilized zirconia
setters and sintered at 1280°C to 1350°C foq 2 hours.. The
sintered capacitors had 10 active dielectric layers with
dielectric thickness ranging from 0.85 to 1.10 mil.
Termination electrodes of DuPont Silver‘paint No. H822, which
is 2 mixture of silver and glass frit in a binder, were
applied at opposite ends of the multilayer capacitor to
connect alternate electrode layers and these capacitors were
fired at B815°C in a tunnel furnace, the dielectric constant
{X), dissipation factor (DF), insulation resistance (R) ana:
capacitance (C) éroduct (RC) at 25°C, and 125°C, and
capaclitance change with temperature (TC) versus capacitance at
25°C were measured with the sane 1nstrumgnts described in
Examples 1 - 11. The resulés are shown in Table VIII below.

The measurements were again performed from -55°C to 125°C in

3 Butvar B-76 is a binder comprising a2 mixture of polyvinyl
butyral, polyvinyl alcohol and polyvinyl acetate available
from Monsanto Corp. ' '
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20'b_increment5.

The dielectric properties of Examples 22;— 29 as
summarized in Table VIII demonstrate that multilayer ceranic
capacitors manufactured from cerémic compositions of this
invention have high dielectric constanté,-greater than 3500

and up to 4800, low dissipation factor, less than 2%, very

stable TC char;cteristics, and high insulation resistance -
capacitance produéts, greater than HQ00 at 25°C and greater
than 2000 at 125°C. The dielectiric properties of these HLC's
2ll meet and exceed the requirements listed in the EIA

{(Elecironic Industries Association) specification for X7R

- ceramic multilayer capacitors. For XTR, such specification

demands that the capacitors meet the requirement of
dissipation factor less than 3§, RC product greater than 1000
at 25°C and greater than 100 at 125°C, and TC within + 15%
from -55°C to 125°C.

Of particular importance to the ceramic compositions
of this invention are the improved dieléctric properties,
particularly the dielectric constant aﬁd the fC at low
témperaﬁures which may be further improved when the ceramics .

are cofired with internzsl electrode materials in manufacturing

the MLC's.

ol
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TABLE VIII

Example 22 23 24 ° 250 25B
Electrode 70Pd/30Ag TOPA/30kg 70Pd/30Ag ° T0Pd/30DAg
Dielectric .
Thickness {(mils) 0.90 1.00 0.85 1.0 4.1
K at 25°C 3525 3840 4770 5190 4210
DF at 25°C (%) 1.41 1.51 1.74 1.68  0.90

Y TC at -55°C (%) 7.4 +9.1 -0.2 +3.8  -2.3
-30°C (%) +2.6 +6.4 +2.2  45.5 0.34
85°C (%) -3.1 -5.7 -10.9 -10.3 -7.7
125°C (%) 45.9 +2.0 -7.8 -6.7  +h.2
RC at 50V/mil
at 25°C 1130 5435 5135 6380  BEY5
125°C 3025 . 3025 -3910 3480 - 4710
Example 26 ) 27 ' 284 28B 29
Electrode 100P4 LoAu/40Pt 100 Pt No Electrodes

120P8

Dielectric- , . ‘
Thickness (mils) 1.00 1.00 1.00 3.84 20

. K at 25°C 3750 4105 3410 3710 3660

Y DF at 25°C (%) 1.48 1.60 1.80 1.13 0.74

- TC at -55°C (%) +5.1 +4.8 +4.2 -D0.13 -3.8
-30°C (%) +4.5 +3.3 +2.0 -0.05 ~0.4
85°C (%) 6.7 -5.9 -5.1  -3.70  -5.8
125° (%) 4.9 - +6.7 +7.6 +1%1.2 +B.4
RC at 50V/mil
at 25°C - 6500 5035 5180 7830 L
125°C 5000 3000 2300 3200
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Examples 3D—3f
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About 900 kilograms of ceramic composition were -
prepared by blending and mixing in the sare manner as
described in Examples 22-29 according to the coopositions as
shown in Table IX. Hultilayer ceramic capacitors were nade
and their dielectric properties were measured in the same
manner as described in Examples 22-29. The resulis as
sunmarized in Table X demonstrate that multilayer capacitors
wade {rom ceramic compositions of these exémples 2lso have
high dielectric constants, low dissipation factors, high
insulation resistance, and stable TC characteristics meeting

EIA's XTR specification.

TABLE IX .
Weight (%)
Example BaTiO3 szos Co0 Nb205+000 Electrode Material
30 9B8.56 1.17 0.27 1.42 70Pd/30Ag
31 ) 98.67 1.08 0.25 1.33 70Pd/30Ag
S
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" TABLE X
Example 30 ) 31
Electrode 70Pd/30hg 70Pd/30Ag
Dielectric
Thickness {(mils) 0.98 1.30
K at 25°C 4850 3831
DF at 25°C (%) - 2.24 2.15
TC at -55°C (%) . +6.5 -3.3 .
-30°C (%) +4.0 " 41,0 ’
85°C (%) ~7.0 -12.2
125°C (%) _+2.5 -4.0
RC at 50V/mil
at 25°C ' 74700 , 6810
125°C 21370 5270

Examples 32-35 .
' About 500 grams of the ceramic composition of
Example 29 were added with about 350ce 9f deionized water and
about 5 grams of DARVAN C dispersing agent. Table XI shows
the average particle size and the dielectric composition of
Examples 32-35. The powder was then ball milled with zirconia
milling media in a rubber lined milling Jjar for about 10 to 40
hours until the average particle sizes were 1.27, 1.20, 0.8,

~

and 0.6 pm respectively. Subsequent chemical analysis

“ indicate no Impurity pick up from the zirconia meﬁia. Ceramic

discs were prepared and their dielectric properties measured
in the same manner as described in Examples 1 to 11, The data
as shown in Table XII deménstrate that even with the sane
ceramic composition, the control of proper particle size

distribution to obtain desirable electrical properties is
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hot temperatﬁre side are much too ﬁegative, and the

¥Yhen the average particle sizes are less than 0.8

':pm, such as in Examples 34 and 35, the TC at both the cold and

diasipation factors are very high, although the dielectrie

constant is very high.

the secope of this invention.

These ceramic compositions are outside

Based on previous art and

experience compositions with average particle sizes larger

than 1.30 am,

are also

not desirable because such.

compositions are usually difficult to sinter to full density

. which cauvses lower dieleciric constants and higher dissipation

factors.

Weight (%) .

Example Average Particle Size(pm) BaT103 Nb,05
32 1.27 9B.56 1.17
33 1.20 98.56 1.17

& 3y 0.80 98.56 1-17

* 35 0.60 98.56 1.17

TABLE XIX

TC (%) TC(%) at

Example K DF(%) -55°C -30°C B5*C
32 3500 1.13 -h.0 -3.5 -3.5

"33 3730 0.95 -8.3 -3.5  -B.2
= 3y 4570 1.52 -30.3 -22.6  -18.3
¥ 35 4500 1.70 -34.5 -24.9 -11.3

CoD
0.27
0.27
0.27
0.27

125°¢C
+17.4
+8.6
-19.1
~-22.1
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CLAIMS:

1. A ceramic composition, comprising:
about 97.70 - 9B.99 % wt barium titanate;
about 0.85 -~ 1.69% wt of niobium pentoxide;
about 0.09 -~ 1.20% wt'of cobalt oxide;

and a wt ratio of nioblum pentoxide to cobalt oxide
of about 3.30 to 18.00.

2. The ceramic composition of eclaim 1, wherein:

the bariﬁm titanate has a purity of about 99.0%, a
Ba0/T10, stoichiometric ratio of about 0.950 to 0.995; and an
average particle size of about O.QQFm to'1.3me.

3. The ceramic composition of elaim 2, wherein:
the niobium pentoxide has a purity of about $9.0%
and a particle size of about 0.5 to 0.9um; and

the cobalt oxide has a purity of about 70f to Ti%
and a particle size of less than about 1'0‘Pm'

4, The ceramic composition of claim 1 wherein:

" the barium titanate comprises about 98.82 % wt;

Y]

the niobium pentoxide comprises about 0.98% wt;
the cobalt oxide comﬁrises.about 0.20% wt; and

the niobium pentoxide to cobalt oxide weight ratio

. is about 4.90.
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5. A ceramic composition for making MLCsa
having high dielectric constants and TC characteristics that

vary no more than about + 15 percent from their reference
value at 25°C over a temperature range of -55%°C to 125°C, the
composition comprising a mixture of:

about 97.70 - 98.99 £ wt barium titanate;

about 0.85 - 1.69 £ wt of niobium pentoxide;

about 0.09 - 1.20 £ wt of cobalt oxide;

having a weight ratio of niobium pentoxide to cobalt
oxide of about 3.30 to 18.00; and

the mixture dispersed in a binder composition.

6. The ceramic composition of claim 5, wherein:
the barium titanate has & purity greater than about
99.0%, the BaO/T102 stoichiometric ratio is about 0.950 to

0.295, and an average particle size is about 0.93Fm to 1.39pm.

7. The ceramic composition of claim 6, wherein:

the niobium pentoxide has a purity of about 99.0%
and a particle size of about 0.5 to O.%Fm; and

the cobalt oxide has a purity of about 70% to 74%

and a particle size of less than about 1.D]mn.

gJ

B. The ceramic composition of claim 5, wherein:

the barium titanate comprises about 9B.82% wt;

the niobium pentoxide comprises about 0.98% wt;

the cobalt oxide conprises about 0.20f wt; and

the niobium pentoxide to cobalt oxide weight ratio
is about 4.90.
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9. A HMLC prepared with the composition of any one
of claims 1 thru 8 and cofired with at least one metal
selected from the group consisting of ailver, gold, platinum

and palladium.

10, A method for preparing MLCs having dielectric
constants getween about 3000 and 4700 and stable TC's which
comprises the steps of: . . .

(2) forming a plurality of dielectric layers from a
mixture comprising:

about 97;70 - 98.99 4 wt barium titanate;

gbout 0.85 - 1.69 £ wt of niobium pentoxide;

about 0.09 - 1.20 ¥ wt of cobalt oxide;

"and a wt ratio of niobium pentoxide to cobalt oxide
of about 3.30 to 18.00;
(b) compressing and firing the mixture; and
{¢) forming a plurality of electrodes between the

dielectric layers.

11. The method of claim 10, wherein:
the barium titanate has a purity of about 99%; a
BaO/TiD2 stoichiometric ratio of about 0.950 to 0.995; and an

average particle size of about 0.90 f o to 1.30 pe. =

12. The method of claim 11, wherein:
tﬁe nioblum pentoxide has & purity of about 99.0%
" and a particle size of about 0.5 to 0.9pm; and
the cobalt oxide has a purity of about 70§ to Tu$

. and a particle size of less than about 1.0 }.lm.
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13. The method of claim 10, wﬁerein: -

the barium titenate comprises about g8.82% wt;
the niobium pentoxide comprises about 0.9Bf wt;
the cobalt oxide comprises azbout 0.20f wt; and

the niobium pentoxide to cobalt oxide weight ratio
is sbout 4.90.

W
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